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MAINTAINABILITY

● 9.

~ MILSTD-721C defies Maintainability (NITIl?) asthe
measureof the abilityof an item to be retainedin or restoredto a specifiedconditionwhen
maintenance is perfixmed by pemnnel having S@fkd ~ kvcls, using prescribed
procedures and resources at each prescribedkvel of maintenanceand repair. Simply
sta@ maintainabilityis a designcharacteristicwhichmeasumsthe capacityof a design to
reduce systemkquipment downtimewhichis requiredfor maintenanceactions.
Maintenanceactionsam groupedinto twoCategories:

1. Preventive or scheduledmaintenancetasks implementedfw an itemto be
“nxainedin” a specifiedcondition

2. Correctiveor unscheduledmaintenancetasksrequiredfm an item to be
“restored to” a specifkd condition.

System maintainability is a significantdetmminantof the operationalavailabilityof
the system Maintainability(MTI’R)designcharacteristicshavedinxt impacton theother
elementsof& reliability(MTBF)andsupportability(MIDT). System@iability is
impactedby the preventivemaintenanceactionprogramwhichis intendedto reducethe risk
of equipmentwearoutand failure. Systemsupportabilityis directly impactedby
maintainabilitydesignchacteristics thatdeterminethe requirementsfor maintenance
manning level, training, tools, and spareparts requirements. The ProgramManagermust
be aware that although maintainability is usually measumd only in terms of the M’ITR
portion of equipment downtime, maintainability desi~ characteristics and ultimately the
system Maintenance Plan, influencemanyof the logfitic supportrequirementsfor the
system.

&@@ ’rheProgram Manager must ensure that adequate
analysis is perfbrmed to allow selection of maintainabilitydesigncharacteristicsbalanced
with system requirementsfor reliabilityand logistic support These&sign tradedf
analysesam conductedas an iterativeprocess,but with a definiteorder of pmdence
Reliability/maintainabilitytmdedf analysesarepdbnned initiallyb ~ met
&sign chamc&risticsand configuration. Maintainability/supportabilityanalysesam then
conductedto determinethe logisticsupportsystemthat is requiredto meet equi t

rdesign characteristics. Becausethe ProgramManagcfs primarymeasureof e cctivcncss
ksys_~ti*i~ ti@ti~mi_~ &_tieff~&-h
design actionon the&components of reliability,maintainabilityand supportability.

● ✎ ✎ ✎ ✎ ✎☛

w of ~ MaintainabilitytIWkdfS are

conducted to achieve an optimumbalamx, withinmission and resource requirements,
between the frequency of failures and the downtime and resources required fw
maintenance. Usually, reliability improvements have an associated cost incmse. The
Rogmm Manager determines, within specific mission mquircments fm ~ the most cost-
effective mix of inherent design reliability and maintenance requirements. The pmcdures
fm rcliabilityhaintainability design and @ade+MYanalysesarc significantly dif&mt
between preventive maintenance actions and comctivc maintenance actions.

preventive maintenanceactionsam prfomed toenhance overall systemreliability
and reduce the risk of failure. The objectiveof preventive maintenance analysis is to
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demminetheoptimum~ allaation fa scheduledmaintenanceagainstthe reliability
improvementwhich is gained The analysisof preventivemaintenana emplo a

.
&tdardud W@tiCid tEChll@l~ cdkd Reliability Centered Maintenance (R analysis.

~CM analysis is a decisionlogic processthat identifk three maintenancewtions that
improvesystemreliabilityand are costeffective. The selectionof scheduledmaintenance
actions is initiallyconstrainedby fried mquimmentsfor systemsafety and missionsuccess.
Scheduledmaintenancemust be pcrfixmedon any item whoseloss of fimctionor modeof
failure could have safetyconsequences. Ifpreventivc @s cannot reduce the risk of such
failuresto an acceptablelevel, the item is redesi~ed to alter its failureconsequences.
Scheduledmaintenanceis also requiredfw any Itemwhosefictional failurewillnot be
evident to the operator,and thercfm cannotbe repated for correctivemaintenanceaction.
In all other cases in which the consequences of failuream eithercost increaseor
degradationof functions,scheduledtasksdirectedat preventingfailuresarcjustified on the
groundsof cost or mission enhancement. An RCM analysisprogramleading to the
identifkation of all preventivemaintenance

7!
UirUnCntsincludesonly those tasksthat

satis~ the criteria for both applicabilityande activeness. The applicabilityof a task is
determinedby the technicalchariwteristicsof the item and its effectivenessis Mined in
terms of failurepH21’JtiOn and reliability iIIlpKNClllCllt

Theobjectiveof diabilityhnaintainability tradwff analy=, whichareconducted
fm corrective maintenance actions is to determinea balancebetweenresourcealkcation for
reliabilityimprovemen~cost of main~ and the penaltyof equipmentdowntime.
These analysesmeasumthe msoumes Uimdtoperfbrm themaintmanceaction andto

7eliminateor redua the frequencyof the ailurcmodein the equipmentdesip In theearly
design phasq beforedetaikd results are availablefkomthe evaluationof logisticsupport
requirements, time is utilized as the primary mum of reliabilityand maintainability.
Reliabilityis measuredin termsof MeanTim ~ IMUIV~n ~ xety
is measuredas Mean Tti To Repair (MTI’R). The basic relationshipfm
reliabilityhnaintainabilitytrade-offis basedon the inherentavailability(Ai)of the system

The ProgramManagermust realizethat thiskvel ofmliabilityhnainti~ility trade-
off analysisdoes not provide assurancet&t the systemwill achieve~ optimumlevelof
operationalavailability. This stageof analysis@om Mean LogisticDIOm T- m,
whichmay be the most significantf=tor in achievementof operationalavailability.

Correctivemaintenanceanalysis hastwo objectives. Firststhe equipment designis
assessed inoder toevaluate its ml$bility and maintainabilitychamctem“tic& Inthistxade-
off analysis,undesirablechamctmsticsareidentified ascksign~lmdfd=to
the design team fm correctionor improvement SecoI@duringmaintainabilityAogistic
tradedf iU’@fSi& tentak maintEnmCC kVdS fm each maintIUMTWC~ and ~tative
supportequipmentrcquirmmntsam identifid Cornxtive maintcnamxrequirementsare
then subjecti to both task and MS fld@S, and tiIIW-k d@S. ~ -

Manager shouldunderstandthat this groupingof tradedf analysesis not alwaysclearor
required Duringthe diabiMy/titibWty tmkmff analyaso the practicalityof logistic
support must be considerc4 in additionto MTBFand ~ WC SUm
Iequimmentsfartools, spamsandtrain@gwb b theequipmentdaign
~tics WhiCh are establishedto achievetk VdUCS d~& FatxllWITIL

%W$efore,this section will Ckscribe tlmse corrective main~ analyses WM -y
evaluate ~ but must also considu logisticpracticali~. The followingsectiaI will
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describe th- iUldySCSwhich arc conductedprimmd“y for trade-offanalysisof
maintainabilitylsupportability.

● O

~ RCM employs an established method of analysis to determine the
specific preventivemaintenanceactionsthat actuallyimprovesystemand equipment
reliability. The RCM conceptwasestablishedby the commercialairline industxy in the
early 1960’sas a tool for developmentof an eff~tive preventivemaintenanceprogram
The industry found that many pmventivc maintenance actions had no effect on the actual
failure rate of equipments, and may even have-been detrimental, due to maintenance emrs
and maintenance induced failures. It had always been the underlying assumption of aimraft
maintenance theory that them is a fimdamntal cause and effbct relationship between
scheduled maintenance and oprating reliability. This assumption was based on the
intuitive belief that because mechanical parts wear oug the reliability of any equipment was
directly related to opemting age. It followed that the more frequently equipment was
overhauled, the better protected it was against the likelihood of failure. The only decision
to be made for scheduled maintenance was in determmm“ “ g the equipment age limit for
maintenance which was necessary to assure reliable operatiom The RCM concept allowd
the application of more decision fwtors than time in the development of an efkctive
scheduled maintenance progmm

The objective of RCM is to determinethe minimumset of preventivemaintenance
tasks which will allowthe equipmentto achieveinherentreliabilityat minimumcosts. Each
scheduledmaintenancetask in an RCMprogramis generatedfa an identifiableandexplicit
reason. ‘he consequencesof each failurepossibilityam cvaluaa and the failuresare then
classifkd accordingto the severityof theirconsequences. Proposedtasks fm all sign.ifiit
items whichwould hinderoperatingsafe~ or precludemissionsuccessam then evaluated
accordingto s@Ic titeria of applicabihtyand effectiveness. The resultingpreventive
maintenanceprogramincludesall the tasksnecessaryto protectOpemtingreliability,and
only the tasks that will accomplishthis objective.

.
~ The basicprxxessWdevel

Tr
ventivemaintenancerequirements

using RCM techniquesis presentedin MILHDBK- (NAVAIR) and the NAVSEA
RCM Handbook DMkmces in tk a@iCdOI’1OfRCM tOSyStICInS,StIUCtUNS811dVUiOUS

types of equipment am coved in these documents. To complete the RCM analysis
process, the following informationmust be derived

● a determinationof significantitems

● a methodof pattition.ingthe systemto a workablelevel

● a FailureModeandEffectsAnalysis(FMEA)

● anevaluation of ftiure consequences

● an evaluation of pqosed maintenancetab.
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The preventive maintenance requirements, as determined by the RCM logic, can be input
into the maintenance planning and logistic support analysis process. Figure E-1shows the
decision diagram through which the RCM analysis is accomplished. The key to the
complete process for determining preventive maintenance requirements is the use of the
RCM decision diagram

. . ●

❞ Figure E-1depictsa RCMdecisiondiagram Questionsone
through three determine the consequences of failure for eve~ failure mode of each
significant item. Nex~ depending on the consequence of failure, the poposed maintenance
tasks to satis~ each failure mode are evaluated fw applicability and effectiveness. This
logic diagram generally provides a clear path to follow. In cases where a yes or no answer
is not eviden~ a default logic is provided The default logic spcfles which path to follow
in cases of uncertainty.

dec~
. . * The itio~tion to be channeled into RCM decisions ~uk

analysis under two diffkrent sets of conditions: (1) the developmentof an initial
maintenanceprogramon the basis of limited information;and (2) rnodiflcationof these
initial requirementsas informationbecomesavailable!Yomoperatingexpedience.As
information accumulates, it becomes easier to make decisions. In a new acquisition
pmgrarn, however, there are many areas in which there is insufficient information for a
ultimate yes or no answer. To provide for decision making under these circumstances it is
necessary to have a backup default strategy dictating the course of action. In summary
fo~ the default decisions are shown in Figure E-2. This figure displays, for each of the
decision questions, which answer must be chosen in case of uncertainty. In each case the
default answer is based on protection of the equipment against serious consequences. This
default ap~h can conceivably lead to more preventive maintenance than necessary.
Some tasks will be included as protection against nonexistent hazds and others maybe
scheduled too frequently. The means of eliminating excessive maintenance costs are
provided by the age exploration studies which begin when the equipment goes into service.
Through this process, the information needed to mf~e the initial RCM deciscons and make
necessary revisions is gathered systematically for evaluation.

● ✌

of pv~ RCM mquircmcnts consist of tasks selected on the basis
of actual reliability characteristics of the equipment they are designed to protect. The tasks
arc one of two general types of preventive maintenance, either scheduled inspections or
schedule removals. A scheduled inspection may be accomplished at any level of
maintenance. It could be an inspection to detect impending faihu’esor to detect filI’lCtiOIld

failures which have occurred Scheduled removals fall into two areas, removal for rework
or reconditioning, or removal for t.hmw away. Functional failures, reconditioning, and
throw away tasks are directed at preventing single failures. Failure-finding tasks are
directed at preventing multiple failures. The development of a preventive maintenance
pro- consists of determining which of these four tasks, if any, am applicable and
effective. Applicability depends on the failure characteristics of the item An inspection for
potential failures can be applicable only if an item has characteristics that define a potential
failure condition. Similarly, an age limit task will be applicable only if the failures at which
the task is directed are related to age. Effectiveness is a measure of the results of the task
objective, which depends on the ftilum conxquences involved. A proposed task might

usefid if it promises to reduce the overall failure rate; but it could not be considered
~~ve if the purpose of applying it was to avoid all fictional failures. A summmy of
applicability and effectiveness criteria for all tasks is provided by Figure E-3. For
inspection tasks the distinction between applicability and effectiveness is usually obvious;
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the item does not have characteristics that make such a task applicable. FCXage limit tasks,
the distinction is sometimes blurred by the intuitive belief that the task is always applicable,
thercfom cffkctivc. In reality, imposing an age limit on an item does not guarantee that its
ftiure rate will be reducecL The issue is not whether the task can be done, but whether
doing it will enable the item to achieve its inherent reliability.

. .
on-cQndlWMW Scheduled inspections to detect potential failures are termed

on+ondition tasks, since they call for the removal or mpir of individual units of an item
“on the condition” that they do not meet the required standard. These tasks am directed at
spedlc failure modes and are based on the feasibility of defining some identifiable physical
evidence of a reduced resistance to the type of failure in question. Each unit is inspected at
regular intervals and mnains in service until its failure resistance falls below a defti
level, that is, until a potential failure is discovered Since on-condition tasks discriminate
between units that require comctive maintenance to forestall a functional failure, and those
units that will probably survive to the next inspection, they permit all units of the item to
realize most of their usefhl lives. Many routine servicing tasks, such as checking oil
quantity and air pressure, are onamdition tasks. The applicability of an OIMondition task
depends on both maintenance technology and the design of the equipment For example,
borescope and radioisotope techniques have been developed for inspecting turbine engines,
but these techniques arc of value chiefly because the engines have been designed to
facilitate their use. Whenever an on~ndition task is applicable, it is the most desirable
type of preventive maintenance. It avoids the premature removal of units that am still in
satisfactory condition, and the cost of comecting potential fdures is often far kss than the
cost of correcting fictional failures, especially those that cause extensive seconc@
damage. For this reason, owondition inspection tasks are steadily replacing older
practices.

~ Many single<elled and simple items display wearout
characteristics - thatis, the probability of their failure becomes sigtilcantly greater after a
certain operating age. When an item does not have an identifiable wearout age, its overall
failure rate can sometimes be reduced by imposing a had time limit on dl units to prevent
operation at the ages of higher failure fiequencyo If the item’s original failure resistance can
be restored by rework or manufacture, the necessary rework task maybe schedukd at
appropriate intenals. For exam~k, an aircmft tire could have been scheduled for Rwork
after a specifki number of landings, since retreading restores the original failure resistance.
However, this would have resulted in the retreading of all tires at the specifkd age limi~
whether they needed it or n@ and would not have prevented functional failures in those
tires that failed earlier than anticipated. A rework task maybe applicable, either for a
simple item or to control a spcWIc failure mode in a complex item Although the age limit
will be wasteful for some units and ineffdive for others, the net effect on the entire
population of that item will be favorable. This does not apply to complete rework of a
complex item Failures in complex items axEthe result of many diffkrent failure modes,
each of which may owur at a different average age. Consequently, the overall failure rate
of such items remains relatively constant In some cases diability decreases gradually
with age, but there is no particular age that can be identified as a wcarout zone. Unkss
there is a dominant wearout failure mode which is eliminated in the course of rcwcxk,
complete rework of a complex item will have little or no effect on the overall ftiure rate.

.
~ The scheduled rework of items at a specified age limit is one type
of hard time task. The other is scheduled discard of items or their parts at some specifkd
operating age. Such task arc frequently termed MClimit tasks. MC limits maybe
established to avoid critical ftiums, in which case they are called safe life limits. They may
also be established because they am cost effective in preventing noncritical failures, in
which case they are called economic life limits.

-

.
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~ A safe MClimit is imposed on an item only when safety is involved and
there is no obsemablc condition that can be defined as a potential failure. The item is
removed at or before the specified maximum age and is either discaded or disassembled
for discard of a specific part+ This practice is most usefid fw simple items or individual
parts of complex items such as pyrotechnic devices in ejection seats (which have a limited
shelf life), or turbine engine disks and nonmdundant structural members (which are subject
to metal fafigue). The safe life limit is usually established by the equipment manufacturer
on the basis of developmental testing. Initially, a component whose failure would be
critical is designed to have an extensive life. It is then tested in a simulated operating
environment to determine what average life has actually been achieva and a
conservatively safe fraction of this average life is used as the safe life limit

..*.
~ Occasionally extensive opemting experience may indicate that
scheduled discard of an item is desirable on purely economic grounds. An economic life
limit, however, is established in the same manner as an age limit for scheduled rework. It
is based on the actual age/reliability relationship of the item rather than on some hction of
the average age at failure. The objective of a safe life limit is to avoid accumulating any
failure data The only justifkation for an economic life limit is cost effbctivencss. The
failure rate must be known in order to predict how the total number of scheduled removals
at various age limits would affect the cost benefit ratio.

, ,
~ A scheduled task maybe necessary to protect the
availability of a functional failure that is not evident to the operator. Hidden fictional
failures, by deftition, have no immediate consequences, yet undetected failures increase
the risk of multiple failures. If no other type of maintenance task is applicable and
effective, hidden function items are assigned scheduled inspections for hidden failures.
Although such tasks are intended to locate functional failures rather than potential failures,
they can be viewed as a type of on+xmdition maintenance, since the failure of a hidden
fimction item can also be viewed as a potential multiple failure. The chief dilYkrenceis in
the level of item considtx@ a fictional fdurc of one item may be only a potential ftiurc
for the quipment as a whole.

●

❞ Any pxtventive maintenanceprogram can be developed and
implemented with incomplete information. Generally there is limited data on the variation
of failure resistance with age, variation of conditional probability of failure with age and the
operational values of failure symptoms. An important element of RCM is age exploration-
a proccdum for systematically gathering the information necessary to determine the
applicability and effectiveness of particular maintenance tasks. As this infmmation
accumulates, the RCM decision diagram provides a means of revising and refining the
initial program Much of thiSinformation is already available fw equipment that has been
in service for some time, although the spccifii &ta needed may have to be retrieved fmm
several cliff-t infdnnation systems. The mnaining usefil life of the equipment will be a
factor in certain decisions. RCM analysis under these circumstances will result in fewer
default decisions and more cfllcient preventive maintenance requirements. Such program
usually include mom maintenance requirements and usually include a larger number of on-
condition inspections than a program arrived at under other policies, and fewer of the
scheduled rework tasks. Age exploration is an integral prt of the RCM pm- and
consists of two parts: (1) to detect demases in reliability; and(2) to validate or detemine
the criteria fw applicabili~ and efkctivencss of the f-basic preventive maintenance
tasks. ~ in reliabdity can be detected through examination of in-senice equipment
todetmnme“ Utie&_timk caWbyk~titim~ oftiwfdw G
or failure modes not anticipated Data to support this part of age explomtion can be found
in the 3M data system and from engineering investigations, depot maintenance dam and
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-~ ,Yp. The detmnimum‘ or validation of applicability and
effectiveness cri~ the second part of age cxplomtio~ almost always requires special
data collection programs. Since extra data collection impo6es a greater wwkload on
maintenance organizations, only essential data ?hould be mquircd and only fw a period
long enough to establish or validate the unccrtm paramctem

. .
~ The purpose of corrective maintenance tradedf analysis is to optimize repair
characteristics associated with hardware at all levels of indenture, fim system to
C~~mIOI~)ptirni@iOn of repair characteristics is usually accomplished by the following

..

1.

2.

3.

Reduce the amount of down time that results i%omrepair actions. The
reduction of unschedukd maintenance downtime is a significant
consideration, not only fw ~ but also to incmasc the probability of mission
success by restoring a failed item The cost of corrective maintenance is
measured by reduction in availability of the system and by the support
msourccs required to mtom the system to a specified kvel of operation.

Simp~ maintenance proccdums by designing for ease in performing the
interchange of parts and to minimiz the complexity of diagnosis, both of
which can reduce skill and training level requirements for maintenance
pCIWIUWLSimpl.if’kdmainteIuuMmay also rwiucc numerical values for
MTrRandmaintenance manhours peroperatinghour. ‘Illis Objective
sems to create an atmosphem in which maintenance work can be
acmnplishcd with greater reliability and ~Y”

Design fw an optimum mix of spare parts fw unscheduled Organimtional
*. The tigc of design opdonscan be illustrated with a description of
the two extreme choices fw maintenance at the operational site. The fnt
design choice is replacement of the entire subsystem or major equipment
item upon failure. This choice requires full redundancy of-h subsystem
and is usually prohibitive in terms of resources availabk. The other extreme
design mcthcxi is the capability to pin int and replace the exact source of
evexy failure at the operational site. & ‘ choice is usually prohibitive in
both excessive downtime of the subsystem and overall support cost

● . . . . ● ●

~ There area number of sign &hniques Wtich

IIMy be im@nented to illlpK)VCthenq)airmaintainabilitycharacteristics of CqUiplllCll~
These techniques may be described in three general categories:

1. ~
●

such as standardization, acccsibility,
modularity, unitization, and interchangeability arc well established methods
fa reducing maintenance tinn!$.wndadza‘ tion reduces waiting time fa
parts by decreasing the variety of parts which must be produce4 stored,
and shipped. Accessibility decmses both corrective and preventive
maintenance time by allowing failure parts to be accessed mom quickly.
Modularity, unitizatim and interchangeability decrease the number and type
of assemblies that arc diagno@ rcmov~ and replaced. Other
configuration techniques include the design and location of controls,
displays, inspection points, and lubrication points. Packaging and structure
design also have signifkant impact on maintainability.
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2. ~ec ~ am another aspect of maintainability
design. These tmhniques include modular replacemen~ automatic
recotilguration, remove and disc~ and interchangeability.

3.
.

~ arcan impomnt aspect of maintainability. Before repair
can begin, the part of the equipment that has faikd must be identifkd. As
part of the diagnosis, test points will usually need to be used. If testability
is designed into the item then diagnosis will be quicker and more cfflcient.
The concept of Built-In Test Equipment @~) and Automatic Test
Equipment (ATE) make diagnosis easier.

~ MIL~70A contains a number or specific tasks for
maintainability, including program management design and analysis, and test activities.
Figure E< presents the matrix of the basic maintainability progmm tasks km MIL-STD-
470A.

The task of modeling, allocation, and prediction arc analytical techniques that allow
the engineer to simulate the maintainability characteristics of equipment in order to
determine sub-system requirements and to evaluate design progress. Operational
requirements are translated into design goals through the use of modeling. An allocation
and @CtiOn CWlthen be #orIned to O@m.izemaintainabiIig ChtiStiCS under ghl
constraints. Maintainability models are used to W.ermme● the effkct that a change in one
variable has on system COS$maintainability, or maintenance performance characteristics.
The models should relate to, or be consistent with, cost and system readiness models and
other appropriate logistic support models. They may be utilized to determine the impacts of
change in fault detection probability, proportion of failure isolation, frequency of failure,
critical pemntile to repair, or maintenance hours per flying or operating hour.

Maintainability allocation follows a process very similar to that of reliability
allocation. The reliability allocation involves the establishment of MTBF design goals fm
the various sub-elements of the system. Maintainability allocation is a method of
apportioning the system A4TI’Rrequirement to all of the functional sub+lements of the
system l%e maintainability allocation is

F
ormed after the reliability allocation and

prediction because it requires estimates o subsystem or equipment failure rates that are the
logical result of the reliability analysis. To start the process, the engineer must make rough
estimates of subsystem or equipment MTI’R values. These estimates or rough predictions,
often must be obtained from the engineer’s subjective judgments that are based on the
maintenance conccpG the diagnostic capabilities, and all interfacing logistic policies. Once
these estimates have been made, the procedure is rather simple to determine whether or not
the system MTIll requirement can be met

Although the modeling and allocation techniques fm maintainability are similar to
the reliability engineering techniques, the prediction process for maintainability is quite
different. Reliability engineaing and prediction is a scientific technique through which the
engineer can apply general engineering principles and good design practices to establish
and assess the inherent failure rate. Maintainability however, is more of an art than a
science. An individual’s taknt and experience arc often more valuabk than established
principles. For example, the primary document for maintainability prediction procedures,
MIL-HDBK472, dy pI’Wi&Stechniques through which the analyst can SUmllWi= and
average the estimated times fm elementary maintenance tasks. ‘IW derivation of task time
estimates is left to the analyst. The procedures of MIL-HDBK472 can be applied only to
electronic equipments which employ modular replacement.

12
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MIL-sm470A
APPENDIX A

3 JANUARY 1$83

PROGRAM PHASE
TASK

1
TASK TITLE TASK ~o~-

NUMBER TYPE CEPT
D+V FSD pROD OPERATE SYSTEM

DEVELOP (MODS)

101 Maintainability program MGT NA G(3) G G(3) G(1)
plan (1)

102 Monitor/control of sub- ffiT NA s G G s
contractors and vendors

103 Program reviews ffiT s G(3) G G s

104 Data collection, ENG NA s G G s
analysis and corrective
action system

201 Maintainability modeling ENG s s(4) G c NA

202 Maintainability ACC s s(4) G c s(4)
allocations

203 Maintainability ACC NA s(2) G(2) c s(2)
predictions

204 Failure modes and ENG NA s(2) G(1) c(1) s(2)
effects analysia (3)(4) (2) (2)
(FMEA) maintainability
information

205 Maintainability ENG s(3) G(3) G(1) c(1) s
analysis

206 Maintainability design ENG NA s(3) G c s
criteria

207 Preparation of input8 ACC NA s(2) G(2) c(2) s
to detailed maintenance (3)
plan and logistic
support analysia (LSA)

301 Maintainability ACC NA s(2) G(2) c(2) s(2)
demonstration (MD)

CODE DEFINITIONS: (1) Requiree considerable interpre-

G~ P- tation of htent to be cost effective

s- Selectivety ap@kable
(2) MIL-STD-470 i8 not the prhary implementation

G- GeneraMy applicable
document Other MIL-STDS or Statement of Work

c- Generally applicable b
requhmenta must be included to define w

design change8 only
reecind the requirements For example MIL-

NA - Not applicable
STD-471 must be imposed to describe main-
tainability demonstration detail$ and methods.

(3) ~t. for thcwe taak .Iemenb suitable to

ACC - Maintainability ●ccounting
defidtton during phaw.

ENG - Maintainability engineerhg (4) _ on @y* compbx~ of the system unit

MGT - Management being procured, he paokqing and ita overall
maintenance polkyo

—

.

.

4’

Figure E-4: Malntalnabillty Task Appllcatlon Matrix
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The Program Manager should be aware that the most practical means of assuring
consideration in the design process of all qualitative factors that influence maintainability
design, is to establish a dialogue between experienced maintenance and logistic specialists,
and the design engineers. The most effective methods of formally implementing the
required dialogue are design reviews, maintenance engineering checklists, and FMECA.

Maintainability design reviews provide an excellent means of exchange and
evaluation of information dated to both the design and maintenance of equipment Early
in the design state, equipment configuration may be adjusted to allow achievement of
performance and reliability objectives and also to evaluate reliability/maintainability trade-
offs. Maintainability design reviews may be conducted sepa.mtely from formal program
reviews in order to allow full attention to maintainability design without being
overshadowed by concerns of schedule, budge~ or other program requirements.

Maintainability design checklists are utilized throughout the design process to help
the analyst think systematically and ensure consideration of the minimum design
requimnents. Checklists are developed by the maintenance specialist to describe to the
equipment designer specflc design f~ such as quick-release f~teners and self-
alignment bearings. Checklists am most usefid if they am tailored to the spciiic equipment
and its general maintainability desigm

The FMECA provides an excellent source of information for maintainability
analyses and trademff. It also provides a formal means of information transfm between the
maintenance specialis~ the design engineer, and the reliability engineedanalyst. The
maintenance specialist may utilize the FMECA to ident@ failure modes with the associated
maintenance tasks, both preventive and corrective. The FMECA allows tracking of the
effects of maintenance actions. It will then directly correlate maintenance with systematic
failure ranking of the criticality of maintenance Wtions fm proper management of design
changes.

Evaluation of the supportability characteristics of a system design must consider all
elements of the integrated logistic support (IIS) systenx

● Maintenance

● Manpower and Personnel

● supply support

● SupportEquipment

● TecW Data

● Training and Training fhqqmrt

● Computer ResOmes support

● Facilities

IV-E-13 Enclosure (1)
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● Packaging, Handling, Storage and Transportation

● Design Interface.

The maintenance characteristics of a system design may impact all of these KS
elements. Therefore, maintainability/supportability tradedf analyses require an analysis
procedure which will consider and provide data on all the ILS elements. The ISA, defined
and implemented through MIL-STD-1388, (Volumes 1 and 2) is the standard procedure for
evaluation of the ILS elements of a weapons system. The ISA is comprised of a series of
separate systems engineering analyses, or tasks, which may be performed on a selective
basis to evaluate the impact of design decisions on the supportability of the system. Table
E-1presents the individual tasks which are incorporated in MIL-STD-1388-lA. These
standardized tasks am structured for early design analysis of a system Implementation of
the ILS process is intended to povide the &ta through which design decisions can be made
to balance system COSLschedule, performance, and supportability. MIL-STD- 1388-1A
provides general nqui.rements and descriptions of tasks which, when performed in a
logical and iterative nature, comprise the LSA process. The tasks are structured for
maximum flexibility in application. In addition to the general requirements and task
description section, the standard contains an application guidance appendix which maybe
utilized by the Program Manager for selection and tailotig of the tasks to meet program
objectives in a cost4Ykctive manner. The document is intentionally structured to
discourage indiscriminate blanket applications. Tailoring is foxed by requiring that
speciilc tasks be selected and that certain essential information be provided by the Program
Manager, relative to implementation of the selected tasks.

LSA documentation, including the ISAR, is generated as a resuk of the analysis
tasks specifkd in MIL-STD 1388-1A. As such, the LSAR &ta serves as the integrated
logistic support technical data base applicable to the analysis and design of support for a
spedlc system through proper tailoring. The LSA performed per MIL-STD- 1388-2A,
establishes data element deftitions, data field lengths, and data formats.

The specific data entry medQ storage, and maintenance procedures arc left to the
discretion of the performing activity. A Standard Joint Service LSAR ADP system is
available for automated storage of the MAR data

The LSARfonnsa &tabasewtich myhutidw

●

●

●

●

●

Enclosure (1)

Detmnine the impact of design features on logistic support

Determine the impact of the proposal logistic support systems on the
systemkquipment availability and maintainability goals

Provide data for tradedfs studies, life cycle costing, and logistic support
modeling

Exchange data among fictional organi=tions

Influence the systemkquipment design

Provide data for the pqmration of logistic products specified by data item
descriptions (DID’s)

Rovide the means to assess supportability of the fielded item
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● !3wide the means toevaluate the impactof engineaing Changq product
unpmvemen$ major mti~cation, or alternative pqosalso

As such, the ISAR is the data base which is utilized fm maintainability/
supportability trade-off &sign analyses.

. ,
Velof ~ The LOW is a specialized maintainabilitykqqxmability

trademff design analysis. The LORA is intended to determine the optimum level of repair
facility at which a maintenance action will be performed organiati~ intexmedia~ or
depot facility. The IDRA is performed in accordance with MIIXTD-1390, and utilizes
standardhed computer models and cost factors. The LSAR is a data base utilizd in
conducting the LORA. The maintainability design characteristics, utilized as inputs to the
LORA, include maintenance procedures described in u skills, and time line analyses.
llw following technical factors are presmted as examples of the maintenance factom
utilized in conducting a LOW:

● CYw The entry in this field is the total number of years (including the
Base Year) that the equipment is operational and for which logistics suppt
costs are to be calculated in deriving LOW reammendations

●
❞ Expected number of items removed from the
next higher assembly, including false removals

●
❞ Tk estimatedunitprocurement cost of the item, in dollars and
cents

● m The predicted nwan timebetween failures, in terms of operating
hours

● - ~@cti-tieto_tii~,bela#h~. This
factor is used to compute operational availability of the equipment and to
provide estimates of maintenance shop wodtbads

● The averagenumber of days required for shop repair.
-*s are made for organhtional, intermdia~ and depot

●

● of ~ T& percentage of failures that
cmakeatti ti=titi~levek d=-tma
higher level maintenance activity for repair or condemnation. Separate
entries are provided fm organizational and intermediate level maintenance
sites

●
❞ Fractions of failures that cannot be mpaircd and are scrapped at
the indicated maintenance kvel. Diflerent values are used for
organizational, intermediate, and depot level maintenance sites

● ~val ~ Percentages which are multiplied by the number of
real failures to give the number of false removals of the item. Different
values are used for organizational, intermediate, and depot level
maintenance sites

●

● Val~ percentages which am mu.ltlpliedby the
number of false removals to give the number of such removals identified as

IV-E-19 Enclosure (1)
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false. Different values are used for organizational, intermediate, and depot
level maintenance sites.

The basis for each of the technical factors is dependent upon the type of equipment
(system or support equipment). The Program Support Inventory Control Point (PSICP),
normally SPCC, Mechanicsburg, PA or ASO, Philadelphia, PA that will be supporting the
item can normally provide approximations of these rates for similar existing items.

The LORA is conducted as an integral part of the maintenance planning and analysis
process. Level of repair models are analogous to the planned maintenance practices and
procedures for the system They provide an advanced look at intermediate and depot
support costs. The Program Manager must ensure that LORAS do not result in
uncoordinated changes to the logistic support analysis database.

The LORA maybe conducted as a computer-based mmlel, or by manual
computation for simple systems. If computer-based analysis is requir@ the contractor
may request existing level of repair computer programs through the program Manager.
Subsequently, the designated activity will provide level of repair computer programs,
user’s guides, and other such program documentation that will enable the contractor to meet
the processing requirements associated with MIL-STD- 1390. The government will not
provide computer capability to the contractor.

The Program Manager may also require kvel of repair analysis using nowmnomic
factors, including safety, repair faibility, and mission success. This analysis, if required,
is accomplished without cost as the prim consideration, and is perf&med prior to the IDR
economic analysis. Any IDR rcmmmdations based on non+zonomic analysis may also
include an economic analysis in order to assign some economic value to the non-economic
recommendation.

Additional data is developed in the analysis that is not a direct part of the LOW.
The contractor uses data from ~R decisions, government fbrnished information, and the
maintenance planning data (as adjusted), to select source, maintenance and recoverability
(SM&R) codes for the items for which WR analyses were conducted. In addition, the
contractor uses the analytical &@ the government furnished inf’ and maintenance
planning data to compute the technical factom associati with main~ plans, as
specified in MILSTD-1390.
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